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Introduction

Iran constitutes a critical segment of the Alpine-Himalayan orogenic belt,
formed through the collision of the Arabian, Indian and Eurasian tectonic
plates (Rolland et al., 2002; Stampfli and Hochard, 2009; von Raumer et al.,
2003; Yin and Harrison, 2000). The Urmia-Dokhtar magmatic arc (UDMA),
extending northwest-southeast across Iran, records Neo-Tethyan subduction
and subsequent continental collision (Chiu et al., 2013; Verdel et al., 2011).
Magmatism within this arc is predominantly calc-alkaline, with localized
adakitic affinities (Delavari et al., 2020; Lechmann et al., 2018; Omrani et
al., 2008). The Salafchegan-Tafresh region, situated in the central UDMA,
comprises diverse lithological units, including Paleogene to Neogene
volcanics and pyroclastics as well as calc-alkaline intrusions dated at 19-22
Ma (Raeisi et al., 2020). These units reflect UDMA magmatism associated
with Neo-Tethyan subduction processes. Additionally, the region is intruded
by various dykes, exhibiting predominantly intermediate to mafic
composition. These dykes are inferred to be of Miocene—Pliocene age, and
their geochemical and structural analysis provides critical insights into the
region’s tectonic evolution.

Analytical methods

Whole-rock geochemical analyses were performed

at Zarazma lab company (Tehran,
inductively  coupled plasma-optical

spectroscopy (ICP-OES) for major elements and
inductively coupled plasma-mass spectrometry (ICP-
MS) for trace elements. Sample preparation involved

in nitric acid. The analytical precision yielded a
detection limit of ~0.05 wt.% for major oxides. To
analyze trace elements, sample digestion was performed
via acid dissolution (HF-HNOs-HCIlO4). Detection limits
ranged between 0.05 and 1 ppm. To ensure data
accuracy and reproducibility, replicate analyses and
international reference standards were employed.
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Petrography

The investigated dykes can be categorized into
basaltic andesite and andesite. In the basaltic andesite,
plagioclase constitutes the dominant mineral phase,
accounting for up to 50 vol.% in some samples, and
typically occurs as subhedral to euhedral laths within a
fine-grained groundmass. Clinopyroxene and amphibole
are present as subordinate phases, often exhibiting
partial alteration to secondary minerals. The andesite
dykes are characterized by a higher relative abundance
of plagioclase, which forms the principal framework of
the rock. Ferromagnesian minerals (e.g., pyroxene,
amphibole) occur in lesser proportions compared to the
basaltic andesite group, suggesting either differences in
melt composition or crystallization conditions. Opaque
minerals, predominantly Fe-Ti oxides, are ubiquitously
present as accessory phases in both groups, typically
disseminated throughout the groundmass or as
inclusions within major silicate phases.

Geochemistry

The studied dykes exhibit a compositional range
with SiO; contents varying between 51.75 and 64.97
wit%. In the Zr/Ti versus Nb/Y diagram, the samples plot
within the basaltic andesite and andesite fields,
displaying a calc-alkaline affinity. Low Mg#, Ni, and Cr
values suggest significant geochemical modification and
derivation from evolved melts. Harker diagrams reveal
coherent geochemical trends and decreasing trends in
TiO2, AlLOs;, MnO, MgO, CaO, Sc, and V with
increasing SiO,. Chondrite-normalized rare earth
element (REE) patterns exhibit enrichment in REEs,
with light REEs (LREEs) showing the highest
enrichment (~52x chondrite), followed by middle REEs
(MREEs; ~16x) and heavy REEs (HREEs; ~14x). The
Lan/Sm, (7.6-9.2) and Lan/Yb, (10-3.4) ratios indicate
LREE enrichment relative to MREEs and HREEs. The
Smy/Yb, ratio (0.8-1.9) suggests a flat to gently sloping
pattern in the MREE-HREE segment, implying limited
HREE depletion. Primitive mantle-normalized multi-
element diagrams display enrichment in large ion
lithophile (LIL) elements (e.g., Rb, K) and depletion in
high field strength (HFS) elements (e.g., Nb, Ta).

Petrogenetic Modeling

Fractional crystallization modeling was conducted
using one sample (TT22) as the parental melt. Trace
element modeling indicates that the more evolved
compositions can be derived through 20-80% fractional
crystallization of plagioclase, clinopyroxene, olivine,
and Fe-Ti oxides.

Regional Tectonomagmatic Implications

The Urmia-Dokhtar magmatic arc (UDMA) exhibits
distinct temporal variations in magmatism. Eocene and
Neogene magmatism displays arc-related signatures,
sourced from a metasomatized lithospheric mantle.
Oligo-Miocene magmatism is alkaline, likely derived

from asthenospheric upwelling. The temporal shift in
melt composition from calc-alkaline in the Eocene to
alkaline in the Oligo-Miocene, followed by a return to
calc-alkaline magmatism in the Neogene within the
Urmia-Dokhtar magmatic arc, reflects significant
changes in subduction dynamics, crustal interactions,
and tectonic regime. The Eocene calc-alkaline
magmatism is interpreted as a product of arc-related
processes in an active subduction zone, driven by the
subduction of the Neotethys oceanic plate beneath the
Central Iranian continental margin. In such a setting,
calc-alkaline melts are typically generated through
partial melting of a hydrated mantle wedge,
metasomatized by slab-derived fluids (Delavari and
Damghani, 2022; Verdel et al., 2011; Verdel, 2009).
This magmatism is consistent with a supra-subduction
zone extensional regime, where slab rollback facilitated
asthenospheric upwelling, enhancing heat transfer to the
mantle lithosphere and triggering widespread partial
melting. During the Oligo-Miocene, magmatism
transitioned to an alkaline affinity. Continued slab
rollback may have induced asthenospheric upwelling
and decompression melting, generating melts with
oceanic island basalt (OIB)-like characteristics with
weak to negligible subduction-related fluid signatures.
The resurgence of calc-alkaline magmatism in the
Neogene suggests a renewed influence of subduction-
related processes, possibly linked to a post-collisional
setting.  Lithospheric  thickening, driven by the
convergence of the Arabian and Eurasian plates, may
have facilitated partial melting of the mantle lithosphere.
Regional fault systems played a critical role in
controlling the spatial distribution and geometry of
magmatic intrusions. These faults served as conduits for
magma transport, localizing magmatic activity along
their trends.

Conclusion

The Salafchegan-Tafresh dykes, exhibiting basaltic
andesite to andesite compositions, provide critical
insights into the Urmia-Dokhtar magmatic arc's
(UDMA) evolution. Geochemical signatures indicate
calc-alkaline  affinities, LREE enrichment, and
LILE/HFSE fractionation, consistent with subduction-
modified melts. Fractional crystallization of plagioclase,
clinopyroxene, and Fe-Ti oxides explains compositional
variations. The temporal shift from Eocene calc-alkaline
to Oligo-Miocene alkaline magmatism reflects slab
rollback and asthenospheric upwelling, while Neogene
calc-alkaline resurgence suggests renewed subduction
influence. Regional faults facilitated magma transport,
highlighting the interplay between tectonics and
magmatism in the UDMA. These findings underscore
the complex geodynamic evolution of the Neo-Tethyan
subduction-collision system.
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Figure 1. A) A simplified structural map of Iran showing the location of the study area (star); B) Simplified
geological map of the study area redrawn from the 1:250,000 map of Qom (Emami, 1991) including locations of

the samples (stars) selected for chemical analysis.
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D) Rose diagram illustrating the orientation of dykes in the Tafresh area (Hajilari, 2023); E and F) Rose diagrams
depicting the orientation of dykes in the Dastjerd and Salafchegan areas, respectively (this study).
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Table 1. Whole-rock major and trace elements analysis of dykes from the Salfchegan region. Major
element oxides based on wt. %, while trace element concentrations are given in ppm. DL= Detection
Limits; Mg# = MgO x 100/(MgO+FeOr).

Element DL TT1 TT4 TT6 TT9 TT20 TT22 TA25 TA32 T-T-20 T-T-22 T-A25 T-A32
SiO; 0.05 6133 63.09 5286 50.18 59.22 5712 4875 571 63.35 5216 4882 5501
TiO, 0.05 0.4 0.76 0.93 0.98 0.44 0.48 0.51 0.55 0.4 0.59 1.87 0.76
Al;O3 005 17.46 1587 18.01  20.67 175 1817 2024 1833 1655 1998 1579  18.22
Fe,03 0.05 0.7 0.66 0.95 1 0.67 0.74 0.87 0.79 0.57 0.93 1.45 0.94
FeO 0.05 4.68 4.42 6.34 6.67 4.44 4.95 5.81 5.25 3.77 6.21 9.65 6.29
MnO 0.05 0.14 0.14 0.16 0.17 0.18 0.15 0.17 0.15 0.12 0.16 0.2 0.16
MgO 0.05 1.81 1.28 4.12 3.35 2.03 2.48 2.22 2.28 1.75 341 4.29 31
CaO 0.05 458 5.25 6.79 9.15 5.7 524 1052 7.44 2.98 6.42 7.68 6.22
Na,O 0.05 55 3.53 3.52 3.78 5.18 531 2.71 3.55 5.84 5.56 3.42 4.96
K0 0.05 0.5 1.83 1.25 0.71 0.32 0.62 0.99 0.58 2.05 0.83 0.77 0.71
P20s 0.05 0.17 0.27 0.16 0.11 0.13 0.26 0.15 0.14 0.13 0.12 0.39 0.16
LOI 0.05 2.04 2.33 417 244 3.56 3.78 6.26 3.17 1.98 2.79 4.47 2.66
Total 99.32 99.44  99.27 9921  99.37 993 99.2 99.32 9948 99.16  98.8 99.19
Anhydrous:

SiO; 63.05 64.97 5559 5186 61.81 59.80 5245 5938 64.97 5412 5175 56.99
TiO, 0.41 0.78 0.98 1.01 0.46 0.50 0.55 0.57 0.41 0.61 1.98 0.79
Al;O3 17.95 16.34 1894 21.36 1827 19.02 2178 19.06 16.97 20.73 16.74  18.87
Fe,03 0.72 0.68 1.00 1.03 0.70 0.78 0.94 0.82 0.58 0.97 1.54 0.98
FeO 4.82 4.56 6.67 6.89 4.63 5.18 6.25 5.46 3.86 6.44 1023 6.51
MnO 0.14 0.14 0.17 0.18 0.19 0.16 0.18 0.16 0.12 0.17 0.21 0.17
MgO 1.86 1.32 433 3.46 212 2.60 2.39 2.37 1.79 3.54 4.55 3.21
CaO 471 5.41 7.14 9.46 5.95 549 1132 7.74 3.06 6.66 8.14 6.44
Na,O 5.65 3.64 3.70 391 541 5.56 2.92 3.69 5.99 577 3.63 5.14
K0 0.51 1.88 131 0.73 0.33 0.65 1.07 0.60 2.10 0.86 0.82 0.74
P20s 0.17 0.28 0.17 0.11 0.14 0.27 0.16 0.15 0.13 0.12 0.41 0.17
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Mg# 37.8 31.2 50.5 441 41.8 441 375 40.6 422 46.3 41.1 43.6
Cs 0.5 0.6 0.7 0.6 <05 0.6 0.8 0.9 1 0.6 0.6 0.6 0.7
Ba 1 213 684 373 233 201 447 588 289 432 379 385 310

Sc 0.5 45 12.4 234 239 6.1 7.7 10 8.6 6.4 12.4 31 16.4
\% 1 16 52 216 240 43 81 111 88 66 157 325 139
Cr 1 3 6 16 5 3 5 7 3 6 14 27 5
Co 1 5.8 7.3 215 16.5 8.2 10.9 15.3 10.3 8 18.1 30.9 17.2
Ni 1 <1 1 9 3 1 3 3 2 3 8 22 3
Cu 1 4 58 82 35 2 13 13 <1 4 43 221 15
Pb 1 4 15 7 10 8 13 10 7 6 6 16 9
Zn 1 53 86 74 59 75 84 66 125 66 79 123 84
Rb 1 51 69 63 51 46 50 54 51 69 51 51 51

Sr 1 636 375 406 446 863 882 563 577 649 980 600 598

Y 0.5 175 40.5 21.3 18 17.1 16.4 14.7 14.3 14.3 13.9 35 22
Zr 5 87 249 84 58 65 104 56 44 99 51 151 95
Nb 1 55 7.1 45 3.7 3.2 43 38 25 5.1 3 4.6 38
La 1 17 36 16 13 15 24 14 14 20 13 30 15
Ce 0.5 36 79 34 25 30 48 28 28 41 25 63 33

Pr 0.05 2.58 75 251 1.36 1.95 3.55 1.76 1.77 2.89 141 6.86 2.33
Nd 0.5 12.9 32.8 117 8.2 11 155 10.1 9.9 12 8 315 12.3
Sm 0.1 2.7 6.7 2.8 1.6 2.2 2.3 21 1.9 2 1.6 6.6 2.9

Eu 0.1 0.7 1.68 0.79 0.58 0.66 0.71 0.54 0.63 0.45 0.57 1.57 0.82
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Table 1. Continued.

Element DL TT1 TT4 TT6 TT9 TT20 TT22 TA25 TA32 T-T-20 T-T-22 T-A25 T-A32
Gd 0.05 2.52 6.18 3.13 231 2.57 2.73 2.18 2.22 2.21 1.84 6.26 2.86
Tb 0.1 0.5 1.2 0.6 0.5 0.5 0.6 0.4 0.4 0.4 0.4 1.2 0.7
Dy 0.1 3.9 8.3 43 4 3.8 3.7 33 3.2 3.2 3.2 8.3 4.8
Er 0.1 2 44 2.4 2.2 21 1.9 1.7 1.6 1.6 14 4.2 2.6
™™ 0.1 0.4 0.8 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.7 0.5
Yb 0.05 1.76 3.91 2.32 2.16 1.78 1.73 1.75 1.49 1.44 1.63 3.86 2.45
Lu 0.1 0.3 0.7 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.3 0.6 05
Hf 0.5 2.4 6.1 25 17 2 2.8 1.8 15 2.7 15 4 2.7
Ta 0.1 0.3 0.6 0.3 05 0.3 0.3 0.3 0.2 0.5 0.3 0.4 0.3
Th 0.1 2.9 10.3 3.2 1 0.8 55 1.2 0.3 4.8 1 8.4 1.9
U 0.1 0.9 3.3 1 0.7 0.5 1.6 0.7 05 1.6 0.7 2.3 1
FeOt 5.47 5.17 7.57 7.82 5.26 5.88 7.09 6.19 4.39 731 1162 7.39
Nb/Y 0.31 0.18 0.21 0.21 0.19 0.26 0.26 0.17 0.36 0.22 0.13 0.17
ZrlTi 0.04 0.05 0.01 0.01 0.02 0.03 0.02 0.01 0.04 0.01 0.01 0.02
TalYb 0.17 0.15 0.13 0.23 0.17 0.17 0.17 0.13 0.35 0.18 0.1 0.12
Th/Yb 1.65 2.63 1.38 0.46 0.45 3.18 0.69 0.2 3.33 0.61 2.18 0.78
La/Yb 9.66 9.21 6.9 6.02 843  13.87 8 9.4 13.89 7.98 7.7 6.12
Ba/Nb 38.73 9634 8289 6297 6281 10395 154.74 115.6 84.71 12633  83.7 81.58
Eu/Eu* 0.81 0.78 0.81 0.92 0.85 0.86 0.77 0.94 0.65 1.01 0.74 0.86
Nb/U 6.11 2.15 45 5.29 6.4 2.69 5.43 5 3.19 4.29 2 3.8
CelPb 9 5.27 4.86 25 3.75 3.69 2.8 4 6.83 4.17 3.94 3.67
(La/Sm)n 4.06 3.46 3.68 524 44 6.73 43 4.75 6.45 5.24 2.93 3.33
(Sm/Yb)n 1.7 1.9 1.34 0.82 1.37 1.47 1.33 141 1.54 1.09 1.9 131
(La/Yb)n 6.92 6.6 4.94 431 6.04 9.95 5.73 6.74 9.96 5.72 5.57 4.39
Ba/Nb 3872 9633 8288 6297 6281 10395 154.73 115.6 847 12633 8369 8157
Nb/La 0.32 0.19 0.28 0.28 0.21 0.17 0.27 0.17 0.25 0.23 0.15 0.25
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Figure 3. Microscopic characteristics of the basaltic andesite and andesitic dykes in the Salafchegan-Tafresh
region. A) Intergranular texture observed in basaltic andesite rocks, where ferromagnesian minerals, particularly
clinopyroxene, fill the interstitial spaces between plagioclase crystals (sample TA25); B) Coarse clinopyroxene
and plagioclase phenocrysts within a pilotaxitic-textured matrix in basaltic andesite rocks (sample TT22); C)
Porphyritic texture in basaltic andesite rocks, displaying partially altered plagioclase phenocrysts distributed
across a matrix of aligned feldspar crystals (trachytic texture) (sample TT22); D) Porphyritic texture in andesite
rocks, featuring relatively well-preserved, coarse plagioclase phenocrysts embedded in a fine-grained to glassy
matrix (sample TT4); E) Coarse and euhedral amphibole phenocrysts (up to 3 mm) within a hyalopilitic-textured
groundmass in andesitic rocks (sample TT20); F) Seriate texture in andesitic rocks, with plagioclase phenocrysts

of varying sizes dispersed in a fine-grained to glassy matrix (sample TT19) (All images were taken under cross-
polarized light or XPL).
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Figure 3. Continued.
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Figure 4. Nb/Y versus Zr/Ti diagram (Pearce, 1996). For comparison, data from other regions of the Urmia-
Dokhtar magmatic belt are also plotted, including: Eocene volcanic rocks from Saveh (Delavari et al., 2017),
Eocene volcanic rocks from Kahak, Qom (Delavari and Damghani, 2022), and Oligo-Miocene volcanic rocks

from Razan, Hamadan (Delavari et al., 2021).
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Figure 5. Harker diagram of the dykes from the Salafchegan area.
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Figure 6. A) Chondrite-normalized rare earth element (REE) patterns (Normalization data from Sun and
McDonough, 1989). B) Primitive mantle-normalized multi-element diagrams (Normalization data from Sun and
McDonough, 1989). In addition to the Selafchegan dykes, the composition of ocean island basalt (OIB)
(Normalization data from Sun and McDonough, 1989) is also shown. The references for the other data are the

same as in Figure 4.
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